Plant tissue cultures are a potential source of secondary metabolites. However, their production, when compared with intact plants, is usually lower. Phenylalanine, a biogenetic precursor of podophyllotoxin, was used to stimulate podophyllotoxin production in callus and suspension cultures of Juniperus virginiana L. The best phenylalanine effect on podophyllotoxin production was manifested in three-years-old callus cultures after a 21-days application of a 10 mmol/L concentration. A podophyllotoxin content of 0.15 mg/g DW was determined, which was about 400% higher in comparison with the control. The maximum content (0.48 mg/g DW) in newly derived suspension cultures (the 4 th passage) was induced by 14-days application of a 1 mmol/L concentration; this was about 243% higher than the control. In one-year-old suspension cultures the highest podophyllotoxin content (0.56 mg/g DW) was recorded also after 14-days application of a 1 mmol/L concentration; this was about 211% higher than in the control cultures.
A natural lignan, podophyllotoxin, is the preferred precursor for the semi-synthesis of the anticancer drugs etoposide, teniposide and etopophose [1] [2] [3] [4] [5] . The traditional plant sources of podophyllotoxin are Podophylum species, but it has also been detected in other plant genera, such as Linum, Juniperus, Hyptis, Teucrium, Nepeta, Dysosma, Jeffersonia, Thymus and Thuja, yet the availability of this lignan remains limited [6, 7] . Chemical synthesis of podophyllotoxin is also an expensive process, and so the biotechnological production of this compound using plant cell and tissue cultures can be considered as a promising alternative procedure.
Callus cultures of Juniperus virginiana L. (varieties 'Hetzii', 'Glauca', 'Grey Owl') were derived from leaves on Schenk and Hildebrandt medium supplemented with α-naphthaleneacetic acid, kinetin and ascorbic acid. J. virginiana suspension cultures (varieties 'Hetzii', 'Glauca', 'Grey Owl') were derived from twoyears-old callus cultures on the same medium and under the same conditions as callus cultures. The callus and suspension cultures of the variety 'Glauca' had the best viability and thus provided the most biomass [8] .
Plant tissue cultures are a potential source of secondary metabolites, but their production, when compared with intact plants, is usually lower and this is the reason why we are looking for different methods and approaches to increase the production. Phenylalanine, a podophyllotoxin biogenetic precursor [5] , was used to stimulate podophyllotoxin production in callus and suspension cultures of J. virginiana (varieta 'Glauca').
The results proved that podophyllotoxin production in three-yearsold callus cultures of J. virginiana is low ( Figure 1 ). The best effect of phenylalanine on the production was manifested after a 21-days application of a 10 mmol/L concentration; a maximum podophyllotoxin content of 0.15 mg/g DW was determined, which is about 400% higher than that of the control.
Production of podophyllotoxin in suspension cultures of J. virginiana Glauca was larger. The maximum content (0.48 mg/g DW) in newly derived suspension cultures (4 th passage) was induced by 14-days application of phenylalanine (concentration 1 mmol/L). Production was increased by about 243% in comparison with the control (Figure 2 ). Increased production (about 213%) was also recorded after 1-day application of the strongest (100 mmol/L) concentration (0.47 mg/g DW).
In the one-year-old suspension cultures of J. virginiana (Figure 3 ), the best effect of phenylalanine was recorded also at the concentration of 1 mmol/L. The highest podophyllotoxin content (0.56 mg/g DW) was also recorded after 14-days application. This production was about 211% higher than that in the control. A positive phenylalanine effect was detected after the shortest, 1-day, application of the strongest concentration (100 mmol/L); podophyllotoxin production (0.55 mg/g DW) was increased by about 150%. Comparison of podophyllotoxin production in the phenylalaninetreated J. virginiana suspension cultures (the 4 th passage and oneyear-old suspension cultures) confirms that the maximum increase in both cases was induced during the 14-days application of the 1 mmol/L concentration. Longer application of this concentration did not increase these values. In contrast, the results show that in threeyears-old callus cultures of J. virginiana the podophyllotoxin content was the best stimulated after 21-days phenylalanine application (concentration 10 mmol/L). The higher production in the suspension cultures can be explained by the direct contact of cells with nutrient medium, which guarantees easier access of nutrients and the exchange of respiratory gases.
Stimulated podophyllotoxin production is documented also in the callus cultures of J. chinensis [9] . Production in the control cultures is low (0.05 mg/g DW), with the highest content being recorded (nearly 0.16 mg/g DW) 15 days after the addition of phenylalanine (concentration 0.5 mg/mL), similarly as in the callus cultures of J. virginiana.
The accumulation of lignans in plant tissue and organ cultures has been discussed based on the work of different authors [4, [10] [11] [12] . It has been shown that production of podophyllotoxin and related lignans in cell cultures is possible. The newly derived plant tissue cultures as a source of anticancer lignans can play an important role in this respect.
Experimental

Plant material and growth conditions:
The three-years-old callus cultures of J. virginiana (varieta 'Glauca'), the newly derived suspension cultures in the 4 th passage and the one-year-old suspension cultures of J. virginiana (varieta 'Glauca') were cultivated in SH medium [6] , supplemented with 3.0 mg/L of NAA, 0.2 mg/L of kinetin and 15 mg/L of ascorbic acid at 25°C and with a 16-h light/8-h dark photoperiod. A sub-cultivation interval of 28 days lasted for callus cultures and 21 days for suspension cultures.
Effect of a biogenetic precursor on production of podophyllotoxin:
On the 7 th day of cultivation, the callus and suspension cultures were treated with phenylalanine. One mL of an aqueous phenylalanine solution (concentrations of 1 mmol/L, 10 mmol/L and 100 mmol/L) was added to the SH medium (30 mL) and the cultures were cultivated for 1, 7, 14 and 21 days. The control cultures received 1.0 mL of distilled water. The cells were separated from the media by vacuuming, rinsed in distilled water and dried at room temperature.
Determination of podophyllotoxin:
Preparation of the samples: 500 mg of control and treated cultures were extracted with 10.0 mL of methanol (100%) using ultrasound for 1 h at 30°C. The supernatant after centrifugation (at 4500 rpm for 5 min) was collected in vials and analyzed by HPLC-DAD. A JASCO 2000-Plus series liquid chromatograph (Jasco, Tokyo, Japan) equipped with diode array was used.
The HPLC conditions were as follows: the main wavelength was set at 280 nm and reference wavelengths for better peak identification were 270 and 290 nm. An RP-18 Lichrospher column (250 x 4 mm, particles size 5 μm) with a precolumn made of the same material was used. The injected volume of the samples and standard solutions was 20 µL and the column was operated at 25 °C.
The mobile phase consisted of (A) methanol/water/phosphoric acid (60:39.7:0.3; v/v/v) and (B) methanol/phosphoric acid (99.7:0.3; v/v). Gradient elution was designed as follows: 0 -8 min, 0 -80%; 8 -9 min, 80 -100%; 9 -10 min, 100%; 10 -11 min, 100% -0%; 11 -13 min, 0% of solvent B. The flow rate of the mobile phase was 1 mL/min. For the podophyllotoxin quantification, a six-point calibration curve was obtained with a pure standard.
All the listed results are averages calculated from the results of 3 independent determination processes. 
